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METHOD OF AND APPARATUS FOR 
CONTROLLING AIR FUEL RATIO OF INTERNAL 

COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method of and an appara 

tus for controlling the air fuel ratio of an internal com 
bustion engine. 

2. Description of the Prior Art 
An exhaust gas purifying system is conventionally 

known wherein catalytic converter rhodium for purify~ 
ing exhaust gas of an internal combustion engine is 
disposed in an exhaust system of the internal combus 
tion engine to purify exhaust gas of the engine. 

It is already known that the exhaust gas purifying 
efficiency of such an exhaust gas purifying system can 
be improved by oscillating the air fuel ratio proximate 
the theoretical air fuel ratio (stoichiometric mixture 
ratio). 
To this end, an oxygen concentration sensor of the A 

type (which denotes an oxygen concentration sensor 
which presents a sudden change in output value there 
fore proximate a predetermined air fuel ratio (theoreti 
cal air fuel ratio, and such sensor will be hereinafter 
referred to as 03 sensor) is conventionally provided in 
an intake manifold on the upstream side of a catalytic 
converter. Taking notice of the fact that the output of 
such 0; sensor presents a change from an on-state to an 
off-state, that is, a change from a high voltage level to a 
low voltage level or vice versa at or proximate the 
theoretical air fuel ratio, the output of the 0; sensor is 
fed back to control the air fuel ratio so that the air fuel 
ratio may have a value proximate the theoretical air fuel 
ratio. Such control is called 0; feedback control. 

In such 0; feedback control, an output of the 0; 
sensor is compared with an on/off criterion voltage 
(reference value), and if, for example, the 0; sensor 
output is higher than the criterion voltage, the air fuel 
ratio is controlled so that it may become lean, but on the 
contrary, if the 0; sensor output is lower than the crite 
rion voltage, the air fuel ratio is controlled so that it 
may be rich. 
With such conventional 0; feedback control, how 

ever, there is the possibility that, if the 0; sensor used 
for the feedback control suffers from a secular change 
or deterioration, the reliability in control may be deteri~ 
orated. Further, where the dispersion of 0; sensors is 
great, the dispersion of emission levels is also great. 
Also this may possibly give rise to deterioration in reli 
ability in control. 

Further, since the maximum frequency of variations 
in air fuel ratio is restricted by a delay (wasteful time) in 
conveyance of gas from a fuel supply station to a loca 
tion of the 0; sensor as well as a delay in responding of 
the sensor, there is the possibility that the capacity of 
the catalyzer may not be exhibited sufficiently. 
Means has thus been proposed for further improving 

the exhaust gas purifying characteristic of an exhaust 
gas purifying system of an internal combustion engine. 
Such means is disclosed, for example, in Japanese Pa 
tent Laid-Open No. 56-118535 wherein the air fuel ratio 
of air fuel mixture introduced into catalytic converter 
rhodium is varied positively so that a high purifying 
efficiency of the catalytic converter rhodium may be 
attained over a wide range of the air fuel ratio. 
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With the conventional means, however, since the 

median of variations of the air fuel ratio is invariable, 
there still is the possibility that the air fuel ratio may be 
varied proximate the maximum purifying efficiency of 
the catalytic converter rhodium due to a difference 
among air fuel ratio controlling apparatus or a secular 
change of the air fuel ratio controlling apparatus. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
method of and an apparatus for controlling the air fuel 
ratio of an internal combustion engine by which the air 
fuel ratio can be controlled so that the exhaust gas puri 
fying ef?ciency of a catalytic converter for purifying 
exhaust gas of the engine may be maximized. 

In order to attain the object, according to the present 
invention, exhaust gas of an internal combustion engine 
which has passed through a catalytic converter is intro 
duced into an oxygen concentration sensor of the A 
type, and when the air fuel ratio is compulsorily varied, 
the compulsorily varied condition of the air fuel ratio 
such as an average of variations of the air fuel ratio 
(average air fuel ratio) is corrected in accordance with 
an output of the oxygen concentration sensor then to 
control the air fuel ratio so that the purifying efficiency 
of the exhaust gas purifying catalytic converter may be 
maximum. 

In particular, according to one aspect of the present 
invention, there is provided a method of controlling the 
air fuel ratio of an internal combustion engine which 
includes a catalytic converter provided in a exhaust 
system of the internal combustion engine for purifying 
exhaust gas discharged from a combustion chamber of 
the internal combustion engine, an oxygen concentra 
tion sensor of the A type disposed in the exhaust system 
and having an output value which presents a sudden 
change proximate the theoretical air fuel ratio, an air 
fuel ratio modifying means for compulsorily varying‘ 
the air fuel ratio of air fuel mixture to be introduced into 
the combustion chamber with a required cycle and a 
required magnitude to compulsorily change the excess 
air ratio A of exhaust gas to be introduced into the cata 
lytic converter, and a control means for controlling 
operation of the air fuel ratio modifying means in re 
sponse to an output of the oxygen concentration sensor, 
the method comprising the steps of introducing into the 
oxygen concentration sensor exhaust gas which has 
passed through the catalytic converter or another cata 
lytic converter which is provided independently of the 
catalytic converter, and controlling the compulsorily 
varied condition of the air fuel ratio by the air fuel ratio 
modifying means in response to an output of the oxygen 
concentration sensor so that the excess air ratio A of 
exhaust gas to be introduced into the catalytic con 
verter may be compulsorily varied proximate a value 
equal to 1. 
According to another aspect of the present invention, 

there is provided an apparatus for controlling the air 
fuel ratio of an internal combustion engine, which com 
prises a catalytic converter interposed in an exhaust gas 
path of the internal combustion engine for purifying 
exhaust gas discharged from a combustion chamber of 
the internal combustion engine, an oxygen concentra 
tion sensor of the A type located either in the inside of 
the catalytic converter or in the exhaust gas path on the 
downstream side of the catalytic converter and having 
an output value which presents a sudden change proxi 
mate the theoretical air fuel ratio, an air fuel ratio modi 
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fying means for compulsorily varying the air fuel ratio 
of air fuel mixture to be introduced into the combustion 
chamber with a required cycle and a required magni 
tude to compulsorily change the excess air ratio A of 
exhaust gas to be introduced into the catalytic con 
verter, and a control means for controlling operation of 
the air fuel ratio modifying means in response to an 
output of the oxygen concentration sensor, the excess 
air ratio A of exhaust gas which is introduced into the 
catalytic converter being compulsorily varied proxi 
mate a value equal to 1. 
According to a further aspect of the present inven 

tion, there is provided an apparatus for controlling the 
air fuel ratio of an internal combustion engine, which 
comprises a ?rst catalytic converter interposed in an 
exhaust gas path of the internal combustion engine for 
purifying exhaust gas discharged from a combustion 
chamber of the internal combustion engine, an oxygen 
concentration sensor of the A type located in the ex 
haust gas path on the upstream side of the catalytic 
converter and having an output value which presents a 
sudden change proximate the theoretical air fuel ratio, a 
second catalytic converter provided around or on the 
upstream side of the oxygen concentration sensor in the 
exhaust gas path such that exhaust gas may pass there 
through before it comes to the oxygen concentration 
sensor, an air fuel ratio modifying means for compulso 
rily varying the air fuel ratio or air fuel mixture to be 
introduced into the combustion chamber with a re 
quired cycle and a required magnitude to compulsorily 
change the excess air ratio A of exhaust gas to be intro 
duced into the ?rst catalytic converter, and a control 
means for controlling operation of the air fuel ratio 
modifying means in response to an output of the oxygen 
concentration sensor, the excess air ratio A of exhaust 
gas which is introduced into the ?rst catalytic converter 
being compulsorily varied proximate a value equal to 1. 
With the air fuel ratio controlling method and appara 

tus for an internal combustion engine according to the 
present invention, the air fuel ratio is compulsorily var 
ied with a required cycle and a required magnitude by 
the air fuel ratio modifying means. Upon such variation, 
the compulsorily varied condition of the air fuel ratio by 
the air fuel ratio modifying means such as an average of 
variations of the air fuel ratio (average air fuel ratio) is 
controlled in accordance with an output of the oxygen 
concentration sensor, and consequently, the excess air 
ratio A of exhaust gas introduced into the exhaust gas 
purifying catalytic converter is varied proximate a 
value equal to 1. Accordingly, there is an advantage 
that the air fuel ratio can be controlled so that the puri 
fying efficiency of the catalytic converter may be maxi 
mum. In this instance, since the oxygen concentration 
sensor is acted upon by exhaust gas from which oxygen 
and unburnt combustible components such as HC and 
CO have been processed by the catalytic converter, the 
excess air ratio A of the exhaust gas detected by the 
oxygen concentration sensor is very accurate. Accord 
ingly, there is another advantage that the accuracy in 
control of the air fuel ratio is maintained in a very high 
condition. 
The above and other objects, features and advantages 

of the present invention will become apparent from the 
following description and the appended claims, taken in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a block diagram ofa fuel supply control 
ling device of an air fuel ratio controlling apparatus 
showing a ?rst embodiment of the present invention, 
and 
FIG. 1(b) is a block diagram of an air fuel ratio modi‘ 

fying means and a control means of the air fuel ratio 
controlling apparatus; 

FIG. 2 is a block diagram principally showing a hard 
ware construction of the air fuel ratio controlling appa 
ratus; 
FIG. 3 is a diagrammatic representation showing an 

entire internal combustion in which the air fuel ratio 
controlling apparatus is incorporated; 
FIG. 4 is a ?ow chart of a main routine illustrating an 

outline of an air fuel ratio controlling method according 
to the present invention; 
FIG. 5 is a flow chart showing a solenoid valve driv 

ing routine; 
FIG. 6 is a ?ow chart showing an air fuel ratio me 

dian calculating routine; 
FIG. 7 is a flow chart showing a routine of calcula 

tion of an amount by which the air fuel ratio is to be 
compulsorily modi?ed; 
FIG. 8 is a flow chart showing a feedback correction 

factor calculating routine; 
FIG. 9 is a flow chart showing a routine of setting of 

an air fuel ratio median calculation ?ag; 
FIG. 10 is a flow chart showing a routine of incre 

menting of an air fuel ratio modi?cation calculation 
timer; 
FIG. 11 is a ?ow chart showing a routine of ?ltering 

of an 0; sensor; 
FIGS. 12(0), 12(b) and 12(c) are graphs illustrating 

operation of the air fuel ratio controlling apparatus 
when the air fuel ratio is compulsorily modi?ed; 
FIGS. 13 and 14 are graphs illustrating operation or a 

modi?ed air fuel ratio controlling apparatus when the 
air fuel ratio is compulsorily modi?ed; 
FIG. 15 is a diagrammatic representation of an inter 

nal combustion engine similar to FIG. 3 but showing a 
second embodiment of the present invention; and 
FIG. 16 is a schematic sectional view an 0; sensor 

employed in the internal combustion engine shown in 
FIG. 15. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring ?rst to FIG. 3, there is shown in diagram 
matic representation an entire internal combustion en 
gine system in which an air fuel ratio controlling appa 
ratus according to the present invention is incorporated. 
The engine system shown includes an engine (internal 
combustion engine) E which has an intake air passage or 
path 2 and an exhaust gas passage or path 3 both com 
municating with a combustion chamber 1 of the engine 
E. The intake air path 2 and the combustion chamber 1 
are controlled by an intake valve 4 so that they may be 
communicated with or disconnected from each other 
while the exhaust gas path 3 and the combustion cham 
ber 1 are controlled by an exhaust valve 5 so that they 
may be communicated with or disconnected from each 
other. 
An air cleaner 6, a throttle valve 7 and an electromag 

netic fuel injection valve (solenoid valve) 8 are pro 
vided in this order from the upstream side along the 
intake air path 2 while a catalytic converter (three-way 
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catalyst) 9 for puri?cation of exhaust gas and a muffler 
(not shown) are provided in this order from the up 
stream side along the exhaust gas path 3. A surge tank is 
provided for the intake air path 2. 
Such solenoid valve 8 is provided by a number equal 

to the number of cylinders of the engine E and located 
at a portion of an intake manifold of the engine E. If it 
is assumed here that the engine E is a straight-type 
four-cylinder engine, the engine E includes up to four 
such solenoid valves 8. It can be thus said that the en 
gine E is of the so-called multi-point fuel injection 
(MPI) type. 
The throttle valve 7 is connected to an accelerator 

pedal not shown by way of a wire cable not shown such 
that the opening thereof may be varied in accordance 
with a treadled amount of the accelerator pedal. The 
throttle valve 7 is connected also to an idling speed 
controlling motor (ISC motor) 10 so that it may be 
driven to open or close by the latter. Accordingly, even 
if the accelerator pedal is not operated upon idling, the 
opening of the throttle valve 7 may be varied by the 
idling speed controlling motor 10. 
With the internal combustion engine E having such a 

construction as described above, air is taken in by way 
of the air cleaner 6 is accordance with an opening of the 
throttle valve 7 and mixed in the intake manifold with 
fuel from the solenoid valve 8 so that a suitable air fuel 
ratio may be obtained. Then, the air fuel mixture is 
ignited at a suitable timing in a the combustion chamber 
1 by an ignition plug so that the fuel is burnt with the air 
thereby to produce an engine torque. After then, the air 
fuel mixture is discharged as exhaust gas into the ex 
haust gas path 3, and then, the exhaust gas is puri?ed by 
removing three detrimental components in the exhaust 
gas including CO, HC and NOX by means of the cata 
lytic converter 9, whereafter it is discharged into the 
atmosphere by way of the muffler. 

Various sensors are provided in order to enable suit 
able control of the engine E. In particular, an air flow 
sensor 11 for detecting an amount of intake air from 
Karman’s vortex street information, an intake air tem 
perature sensor 12 for detecting a temperature of intake 
air and an atmospheric pressure sensor 13 for detecting 
an atmospheric pressure are disposed at a location of the 
intake air path 2 at which the air cleaner 6 is provided. 
A throttle sensor 14 in the form of a potentiometer for 
detecting an opening of the throttle valve 7, an idling 
switch 15 for detecting an idling condition and a motor 
position sensor 16 for detecting a position of the ISC 
motor 10 are disposed at a location of the intake air path 
2 at which the throttle valve 7 is provided. 

Disposed at a location of the exhaust gas path 3 on the 
downstream side of the catalytic converter 9 is an oxy 
gen concentration sensor 18 of the A type (hereinafter 
referred to only as 0; sensor 18) for detecting a concen 
tration of oxygen (02 concentration) in exhaust gas. The 
0; sensor 18 of the A type presents a sudden change in 
output value thereof proximate a predetermined air fuel 
ratio (theoretical air fuel ratio). Though not particularly 
shown, the 0; sensor 18 is constructed such that a solid 
electrolyte layer formed from zirconia is put between a 
platinum electrode on the atmosphere side (reference 
electrode side) and another platinum electrode on the 
exhaust gas path side (measuring electrode side). The 
side 0; sensor 18 generates an electromotive force rang 
ing from 0 volts at the lowest to about 1 volt at the 
highest in response to a concentration of oxygen re 
maining in exhaust gas. 
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It is to be noted that the 0; sensor may otherwise be 

disposed in the inside, for example, proximate an exit, of 
the catalytic converter 9. 
A water temperature sensor 19 for detecting a tem 

perature of engine cooling water and a car speed sensor 
20 for detecting a car speed are also provided as seen in 
FIG. 2. Furthermore, referring to FIGS. 1(a) and 2, a 
crank angle sensor 21 for detecting a crank angle and a 
TDC (top dead center) sensor 22 for detecting a top 
dead center position of the ?rst cylinder (reference 
cylinder) of the engine E are provided on a distributor 
(not shown) of the engine E. The crank angle sensor 21 
serves also as a rotational speed sensor for detecting a 
rotational speed of the engine E. 

Detection signals of the sensors 11 to 16 and 18 to 22 
listed above are coupled to an electronic control unit 

(ECU) 23. 
A voltage signal from a battery sensor 25 for detect 

ing a voltage of a battery 24 and a signal from an igni 
tion switch (key switch) 26 are also coupled to the ECU 
23. 

General hardware construction of the ECU 23 is 
shown in FIG. 2. Referring to FIG. 2, the ECU 23 
includes a CPU (central processing unit) 27 as a primary 
component. The CPU 27 is connected to receive, by 
way of an input interface 28 and an analog to digital 
(A/D) converter 30, detection signals from the intake 
air temperature sensor 12, atmospheric pressure sensor 
13, throttle sensor 14, 0; sensor 18, water temperature 
sensor 19 and battery sensor 25. The CPU 27 is further 
connected to receive, by way of another input interface 
29, detection signals from the idling sensor 15, car speed 
sensor 20 and ignition switch 26. The CPU 27 is also 
connected to receive directly at input ports thereof 
detection signals from the air flow sensor 11, crank 
angle sensor 21 and TDC sensor 22. 
The CPU 27 is further connected by way of a bus line 

to deliver and receive data to and from a ROM (read 
only memory) 31 in which program data and invariable 
value data are stored in advance, a RAM (random ac 
cess memory) 32 having therein stored data which are 
successively updated or rewritten, and a battery backed 
up RAM (BURAM) 33 having therein stored data 
which are backed up by the battery 24 while the battery 
24 is held connected. 

It is to be noted that stored data of the RAM 32 are 
canceled to put the RAM 32 into a reset state when the 
ignition switch 26 is turned off. 

In fuel injection control (air fuel ratio control), a fuel 
injection controlling signal calculated in accordance 
with a method which will be hereinafter described is 
delivered from the CPU 27 by way of a driver 34 so 
that, for example, the four solenoid valves 8 may be 
driven in a predetermined sequence. 
FIG. 1(a) shows a functional block diagram for such 

fuel injection control (solenoid valve driving time con 
trol). Referring to FIG. 1(a), the ECU 23 includes, from 
the point of view of software construction, a basic driv 
ing time determining means 35 for determining a basic 
driving time T3 of the solenoid valves 8. The basic 
driving time determining means 35 receives information 
of an intake air amount Q from the air flow sensor 11 
and information of an engine rotational speed Ne from 
the crank angle sensor 21, calculates information of an 
intake air amou'nt Q/Ne for one complete rotation of 
the engine E, and determines a basic driving time T3 in 
accordance with the last-mentioned information. 



5,119,629 
7 

The ECU 23 further includes a cooling water temper 
ature correcting means 40 for setting a correction factor 
KwTin accordance with a temperature of engine cool 
ing water detected by the water temperature sensor 19, 
an intake air temperature correcting means 41 for set 
ting a correction factor K Arin accordance with a tem~ 
perature of intake air detected by the intake air tempera 
ture sensor 12, an atmospheric pressure correcting 
means 42 for setting a correction factor KAP in accor~ 
dance with an atmospheric pressure detected by the 
atmospheric pressure sensor 13, an acceleration incre 
ment correcting means 43 for setting a correction factor 
KAC for increase in acceleration, and a dead time cor 
recting means 44 for setting a dead time (invalid time) 
T9 with which a driving time is to be corrected in ac 
cordance with a battery voltage detected by the battery 
sensor 25. 

It is to be noted that the acceleration increment cor 
recting means 43 receives either a signal of a rate of 
change of Q/Ne or a signal indicative of a rate of 
change of a throttle opening detected by the throttle 
sensor 14. 

The ECU 23 further includes an air fuel ratio correc 
tion factor setting means 36 for setting an air fuel ratio 
correction factor KApl in accordance with running 
conditions of the engine E (rotational speed of and/or 
load to the engine E). 
The ECU 23 additionally includes an air fuel ratio 

modifying means 45 for setting a feedback correction 
factor Km to compulsorily vary or oscillate the air fuel 
ratio with a required cycle (for example, 5 to 10 Hz or 
so) and a required magnitude, and a control means 47 
for controlling the compulsorily varied condition of the 
air fuel ratio by the air fuel ratio modifying means 45 in 
accordance with an output of the 0; sensor 18. One of 
outputs of the air fuel ratio modifying means 45 or con 
trol means 47 and the air fuel ratio correction factor 
setting means 36 is selected by means of a pair of switch 
ing means 38 and 39. 
When one of the outputs is selected, the selected 

output is set as a factor KAF. This is an operation in 
calculation of a fuel injection amount for setting data of 
an air fuel ratio correction factor KAp-l and a feedback 
correction factor Kpm to a common memory (register) 
area. 

Here, the control means 47 is constituted as a means 
for setting a factor (Kp3)c with which an air fuel ratio 
median (or average value) is to be corrected in accor 
dance with an output of the 0; sensor 18 in order to 
change or correct the median (average value) of air fuel 
ratios. While the factor (Kpgkis referred to as air fuel 
ratio median (average value) correction factor herein 
above, it will be hereinafter referred to as air fuel ratio 
median correction factor (Ky-")0 

It is to be noted that a feedback correction factor 
K5]; is represented as a sum of an air fuel ratio median 
correction factor (Kpgk and a compulsory oscillation 
variation AKFB. 
Meanwhile, an air fuel ratio median correction factor 

(Kp3)¢ is represented as l.0+GpAV+G1-_|'AVdQ as 
will be hereinafter described. Here, AV is a variation 
(deviation) of an output of the 0; sensor 18 and calcu 
lated in accordance with X02TL-ZPI02A where 
X02TL is an aimed voltage (for example, 0.5 volts), and 
ZPI02A is an output voltage of the 0; sensor 18 after 
?ltering processing, that is, smoothing processing. Such 
?ltering processing will be hereinafter described. Fur 
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ther, G pis a proportional gain and Glis an integral gain, 
and they are data stored in the ROM in advance. 
The air fuel ratio modifying means 45 and control 

means 47 described above are shown in a functional 
block diagram of FIG. 1(b). Referring to FIG. 1(b), the 
control means 47 includes a smoothing means 470, an 
aimed voltage setting means 471, a deviation calculating 
means 472 serving as a comparison means, a deviation 
proportional factor calculating means 473, a deviation 
integral factor calculating means 474, a pair of adding 
means 475 and 476, and a constant setting means 477. 

Here, the smoothing means 470 is provided to smooth 
an output of the 0; sensor 18 and includes a sampling 
means for successively sampling an output of the 0; 
sensor 18, and a calculating means for repetitively cal 
culating latest smoothed output data V(n) from a latest 
output v of the sampling means and smoothed output 
data V(n- 1) calculated in the preceding cycle in accor 
dance with the following equation. 

On the other hand, the aimed voltage setting means 
471 is provided to set such an aimed voltage XOZTL as 
described above while the deviation calculating means 
472 is provided to compare the aimed voltage X02TL 
with an output voltage ZPI02A of the 0; sensor 18 after 
?ltering processing to ?nd out a deviation AV between 
the two voltages. 
The deviation proportional factor calculating means 

473 is provided to calculate GPAV from instantaneous 
value data among control data while the deviation inte 
gral factor calculating means 474 is provided to calcu 
late 6]- f AVdQ from integrated value data among the 
control data. 
The adding means 475 adds a result of a calculation 

GPAV from the deviation proportional factor calculat 
ing means 473 and another result of a calculation G]. 
- f AVdQ from the deviation integral factor calculating 
means 474 while the other adding means 476 adds 
GPAV+G 1- f AVdQ and an output of the constant 
setting means 477. 
An adding means 46 is also provided which adds an 

output of the adding means 477, that is, 
1.O+G;>AV+G1- f AVdQ=(K1-B)¢, and an output 
AKFB of the air fuel ratio modifying means 45. 
The solenoid valve 8 is thus driven for a required 

driving time T1NJ=TBXKWT>< KATXKAPXKACX 
KAF+ TD calculated from time data and factors found 
out by such various means as described hereinabove. 
A control routine for such driving of the solenoid 

valve 8 is illustrated in the flow chart of FIG. 5. The 
control routine shown in FIG. 5 is entered by an inter 
rupt in response to a crank pulse for each angular rota 
tion of the crank shaft by 180 degrees. Referring to 
FIG. 5, it is judged at ?rst at step b1 whether or not a 
fuel cut ?ag is in a set state. In case the fuel cut flag is 
in a set state, fuel injection is not required, and conse 
quently, the sequence returns to a step of any control 
routine from which the present control routine shown 
in FIG. 5 has been entered. In the other case, however, 
the sequence advances to step b2 at which an intake air 
amount QcR (Q/Ne) for each 180 degrees of the crank 
angle is set based on data of a number of and a cycle 
between Kalman’s pulses produced between a preced 
ing crank pulse and a present crank pulse. 
Then at next step b3, a basic driving time T3 is set in 

accordance with the intake air amount QCR, and then at 
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step b4, a solenoid valve driving time TIN] is found out 
by a calculation of TEX K “7X KA TX KAPX KACX - 
KAF-i-TD. Subsequently at step b5, the solenoid valve 
driving time Tmjis set to an injection timer, and then at 
step b6, the injection timer is triggered. After such trig 
gering, fuel will be injected for the period of time T 1M. 

Subsequently, an outline of air fuel ratio control will 
be described with reference to the flow chart of FIG. 4 
which shows a main routine of the same. 
At first at step al, the CPU 27 reads information of 

running conditions of the engine E from the various 
sensors described hereinabove. Then at step 2.2, the 
CPU 27 judges whether or not the engine E is in a 
particular running condition in which it is permitted to 
compulsorily vary or modify the air fuel ratio. Here, 
conditions or requirements for such compulsory varia 
tion of the air fuel ratio are such as follows: 

(1) The 0; sensor 18 is in an operative state. 
(2) The running condition of the engine E remains 

within an air fuel ratio feedback control region (running 
condition, for example, wherein the load to the engine 
E is lower than a medium level). 

(3) The intake air amount after the running condition 
of the engine enters the air fuel ratio feedback control 
region is greater than a predetermined value. 

(4) The intake air amount after cutting of fuel is 
greater than a predetermined value. 

(5) A predetermined interval of time has passed after 
starting of the engine E. 

(6) The temperature of engine cooling water is higher 
than a predetermined value. 

If the requirements listed above for compulsory vari 
ation of the fuel air ratio are not met, then the judge 
ment at step a2 is in the negative, and the sequence thus 
advances to step a3 at which an air fuel ratio correction 
factor K,; 1-1 is set in accordance with the running condi 
tions from a map of the ROM which is defined by Ne 
and Q/Ne. Then at step a3’, the value KAFl is set to 
K,;;. Such setting is executed by the air fuel ratio cor 
rection factor setting means 36. 
To the contrary, in case the requirements for compul 

sory variation of the fuel air ratio are met at step a2, the 
sequence advances to step a4 at which an air fuel ratio 
median correction factor (Kpgkis calculated and then 
to step a5 at which a compulsory oscillation variation 
AK [:3 is calculated. Then at step a6, a feedback correc 
tion factor KFB is calculated in accordance with 
(KFB)C+ AKFB, and then, the value KFB is set to KAFat 
subsequent step a7. It is to be noted that the operations 
at steps a4 to a7 are executed by the control means 47 
(deviation calculating means 472, deviation propor 
tional factor calculating means 473, deviation integral 
factor calculating means 474, adding means 475 and 476, 
and so forth) and the air fuel ratio modifying means 45. 

After execution of either of steps a3’ and a7, the se 
quence advances to step a8 at which the remaining 
factors KWT, KAT, K4}: and KAC are calculated. After 
then, the sequence returns to step a1. 

Subsequently, a routine for the calculation of an air 
fuel ratio median correction factor (KFB)¢ executed at 
step a4 of FIG. 4 will be described more in detail with 
reference to FIG. 6. It is to be noted that the routine of 
the flow chart of FIG. 6 is executed by a function of the 
deviation calculating means 472 in the ECU 23 and a 
function of an updating means for updating control data 
with which operation of the air fuel ratio modifying 
means 45 is to be controlled. In the calculation routine 
of FIG. 6, it is judged at ?rst at step c1 whether an air 
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10 
fuel ratio median calculation flag ZFKFBC is in a set 
state or in a reset state. In case the flag ZFKFBC is 
ZFKFBC=O (in a reset state), a calculation of an air 
fuel ratio median correction factor (KFB)C is not exe 
cuted subsequently and the sequence returns to step a4 
of FIG. 4, but otherwise if ZFKFBC¢O (in a set state) 
is judged, an air fuel ratio median correction factor 
(Kpgk‘is calculated subsequently and the value thereof 
is updated (learned) in the following steps of the rou 
tine. 

The flag ZFKFBC is set in a routine illustrated in 
FIG. 9. Referring now to FIG. 9, at ?rst at step f1, a 
counter or register ZDCKFBC is decremented by one 
(ZDCKFBC<—ZDCKFBC-—l) each time a Kalman‘s 
pulse is received. A value XCKFBC is set in advance as 
an initial value to the counter ZDCKFBC, and the 
counter ZDCKFBC has a function of dividing Kal 
man’s pulses in order to de?ne a timing for the calcula 
tion of an air fuel ratio median correction factor (K my. 
The initial value XCKFBC thus represents a cycle for 
the calculation of an air fuel ratio median correction 
factor (KI-"Bk. It is to be noted that information of an 
intake air flow rate (flow rate of working fluid of the 
engine E) as represented by Kalman’s pulses has a pre 
determined correlation to a flow rate of exhaust gas. 
Then, the sequence advances from step f1 to step f2 at 

which it is judged whether or not the value of the 
counter ZDCKFBC is smaller than 0 (ZDCKFBC <0). 
In case ZDCKFBC <0, the initial value XCKFBC is set 
to the counter ZDCKFBC at subsequent step f3, and 
the value of the counter ZDCKFBC is incremented by 
one at next step f4. 4 I 

Each time the sequence advances to step f4, the flag 
ZFKFBC is incremented by one unless the value 
thereof becomes equal to zero. Accordingly, the value 
of the flag ZFKFBC also has information of an amount 
of intake air. In other words, the ?ag ZFKFBC not 
only has a function as a flag for the calculation of an air 
fuel ratio median correction factor (Kpgkbut also pro 
vides information of an intake air amount which is used 
for the calculation of such air fuel ratio median correc 
tion factor (Kpgk. 

Setting of the flag ZFKFBC is executed in such a 
manner as described above. After such setting is exe 
cuted, the flag ZFKFBC presents a value other than 
zero. Consequently, at step 01 of the routine shown in 
FIG. 6, the judgment then is in the negative, and ac 
cordingly, the sequence advances to step c2. At step c2, 
a deviation AV is calculated. Such calculation is exe 
cuted by the deviation calculating means 472. It is to be 
noted that the deviation AV is calculated in accordance 
with X02TL-ZPI02A as described hereinabove. 

Here, X02TL is an aimed voltage, and ZPI02A is an 
output voltage of the 0; sensor 18 after filtering process 
ing. In this instance, the ?ltering processing is a process 
ing wherein a value obtained by suitable weighting 
between a present output value of the 0; sensor 18 and 
an output value used in the preceding calculating is 
determined as an output value of the 0; sensor 18. A 
flow chart for such processing is shown in FIG. 11. 

Referring to FIG. 11, a value obtained by ZPIO 
2A +(ZPI02-ZPI02A)/XTQ02 is determined as a new 
value of ZPIOZA at single step hl. Here, ZPI02 is an 
instantaneous value of the output of the 0; sensor 18 (the 
value is obtained by analog to digital conversion of the 
output value after each required interval of time), and 
XTQOZ is a value (pulse number) corresponding to a 
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time constant of a means for the ?ltering processing (a 
so-called ?ltering circuit). 
Now, deforming 

2A)/XTQ02, we obtain 
ZPIOZA + (ZPI02 — ZPIO 

where k is a weighting factor and is set to a value de 
?ned by Oékél (normally k¢0 and kgél). 

It is to be noted that the equation given just above has 
a same form as the equation 

given hereinbefore. 
Output noise components are thus cut if the ?ltering 

processing of an output of the 0; sensor 18 is executed in 
this manner. 

Referring back to FIG. 6, after the calculation at step 
02 of the deviation AV in accordance with the output of 
the 0; sensor 18 after the ?ltering processing, a devia 
tion integrated value I AVdQ is calculated at subse 
quent step 03. The processing is executed by the devia 
tion integral factor calculating means 474. It is to be 
noted that the value fAVdQ is calculated by addition 
of a variation AVXZFKFBCXXCRFBC to the pres 
ent value of j'AVdQ. 

Here, ZFKFBCXXCKFBC corresponds to a num 
ber of Kalman’s pulses, that is, an intake air amount. 
Accordingly, the description that ZFKFBC provides 
information of an intake air amount used for the calcula 
tion of an air fuel ratio median correction factor (KFB)C 
signi?es this. 

After such calculation at step 03, a processing to 
restrict the deviation integrated value I AVdQ within a 
predetermined range (for example, - 100 to 100 V1) is 
executed. In particular, at step 04, it is judged whether 
or not fAVdQ is greater than an upper limit value 
XUL. In case fAVdQ is greater than XUL, then the 
upper limit value XUL is set to the deviation integrated 
value fAVdQ to clip an upper limit of the value 
I AVdQ at step 05, whereafter the sequence advances to 
step c8. On the contrary, if the value fAVdQ is not 
greater than the upper limit value XUL at step 03, then 
it is judged at step c6 whether or not the value I AVdQ 
is smaller than a lower limit value XLL, and if the value 
I AVdQ is smaller than the lower limit value XLL, the 
lower limit value XLL is set to the deviation integrated 
value I AVdQ to clip a lower limit of the value I AVdQ 
at step 07, whereafter the sequence advances to step 08. 
Also when it is judged at step c6 that the value I AVdQ 
is not smaller than the lower limit value XLL, the se 
quence advances to step c8. 

After the value I AVdQ is restricted within the pre 
determined range in this manner, an air fuel ratio me 

- dian correction factor (KFB)C is calculated at step 08 
using the values AV and fAVdQ to thus update the 
value of the air fuel ratio median correction factor 
(KP-Bk; In particular, a processing of 
(KpB)c~—l.0+GpAV+G1-fAVdQ is executed. Here, 
Gp is a proportional gain, and G1 is an integral gain, as 
described hereinabove. 
The calculations are executed by the deviation pro 

portional factor calculating means 473, deviation inte 
gral factor calculating means 474, adding means 475 and 
476 and so forth which constitute the updating means 
described hereinabove. 
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After then, a processing is executed to restrict th 
updated value (Kpgk within a predetermined range 
(for example, 0.8 to 1.2). In particular, at step c9, it is 
judged whether or not the value (KFB)cis greater than 
an upper limit value XKFBCU. In case the judgment is 
in the affirmative, the upper limit value XKFBCU is set 
to the value (Kpgk to clip an upper limit of the value 
(K FER-at step e10, whereafter the sequence advances to 
step e13. On the contrary, if the judgment at step c9 is 
in the negative, then it is judged at subsequent step c11 
whether or not the value (Kpgkis smaller than a lower 
limit value XKFBCL. If the judgment is in the af?rma 
tive, then the lower limit value XKFBCL is set to the 
value (Ki-Bk; to clip a lower limit of the value (KFB)C, 
whereafter the sequence advances to step 013. Also 
when it is judged at step 011 that the value (Kpgkis not 
smaller than the lower limit value XKFBCL, the se 
quence advances to step c13. 
By the processing, the air fuel ratio median correc‘ 

tion factor (Kn?cis updated within the required range. 
After the factor (KpB)¢is restricted within the prede 

termined range in this manner, the flag ZFKFBC is 
reset to O at step e13, whereafter the sequence returns to 
any step from which the present routine has been en 
tered. 

Subsequently, a routine for the calculation of compul 
sory oscillations executed at step a5 of FIG. 4 will be 
described with reference to FIG. 7. In the routine 
shown, it is judged at ?rst at step d1 whether or not the 
value of a counter ZFKFBV is greater than one half a 
compulsory oscillation cycle XFKFBV of, for example, 
5 to 10 Hz. 

It is to be noted that the compulsory oscillation cycle 
XFKFBV is smaller than an oscillation cycle (normally 
2 to 5 Hz or so) in ordinary air fuel ratio feedback con 
trol wherein feedback control of the air fuel ratio is 
executed in accordance with a detection signal from the 
0; sensor which is provided proximate an exit of the 
combustion chamber 1 on the upstream side of the cata 
lytic converter 9. 

Here, the value of the timer ZFKFBV is incremented 
in accordance with the flow chart shown in FIG. 10. 
Referring to FIG. 10, at ?rst at step g1, the value of a 
counter ZDCKFBV is decremented by one each time a 
Kalman’s pulse is received 
(ZDCKFBV<-ZDCKFBV — l). The counter 
ZDCKFBV has an initial value XCKFBV set in ad 
vance therein and has a function of dividing Kalman’s 
pulses in order to de?ne a timing for the calculation of 
a compulsory oscillation variation AKFB. In other 
words, a timing for the calculation of a compulsory 
oscillation variation AKFB comes after each lapse of an 
interval of time de?ned by the initial value XCKFBV. 

After then, it is judged at step g2 whether or not the 
value of the counter ZDCKFBV is smaller than zero 
(ZDCKFBV <0). If ZDCKFBV <0, then the initial 
value XCKFBV is set to the counter ZDCKFBV at 
step g3, and the value of the timer ZFKFBV is decre 
mented by one at step g4. 

Subsequently at step g5, it is judged whether or not 
the value of the timer ZFKFBV is smaller than 0 
(ZFKFBV <0), and if ZFKFBV <0, then the compul 
sory oscillation cycle XFKFBV is set to the timer 
ZFKFBV at step g6. After then, the sequence returns to 
an original step from which the present routine has been 
entered. Also when it is not judged at step g2 that the 
value of the counter ZDCKFBV is smaller than zero or 
when it is not judged at step g5 that the value of the 










